Gravitation III

1.  A student is given the set of orbital data for some of the moons of Saturn shown below and is asked to us the data to determine the mass MS of Saturn.  Assume the orbits of these moons are circular.

	Orbital Period, T
(seconds)
	Orbital Radus, R
(meters)
	
	

	8.14X104
	1.85X108
	
	

	1.18X105
	2.38X108
	
	

	1.63X105
	2.95X108
	
	

	2.37X105
	3.77X108
	
	


a.  Write the algebraic expression for the gravitational force between Saturn and one of its moons.

b.  Use your expression from part (a) and the assumption of circular orbits to derive an equation for the orbital period T of a moon as a function of its orbital radius R.
c.  Which quantities should be graphed to yield a straight line whose slope could be used to determine Saturn’s mass?

d.  Complete the data table by calculating the two quantities to be graphed.  Label the top of each column, including units.

e.  Plot the graph on the axes below.  Label the axes with the variables used and appropriate numbers to indicate the scale.

[image: image3..pict]
f.  Using the graph, calculate a value for the mass of Saturn.

2.  An explorer plans a mission to place a satellite into a circular orbit around the planet Jupiter, which has mass MJ = 1.90X1027 kg and radius RJ = 7.14X107 m.

a.  If the radius of the planned orbit is R, use Newton’s Laws to show each of the following:


i.  The orbital speed of the planned satellite is given by 
[image: image1.wmf].


ii.  The period of the orbit is given by 
[image: image2.wmf].

b.  The explorer wants the satellite’s orbit to be synchronized with Jupiter’s rotation.   This requires an equatorial orbit whose period equals Jupiter’s rotation period of 9 hr 51 min = 3.55X104 s.  Determine the required orbital radius in meters.

c.  Suppose that the injection of the satellite into orbit is less than perfect.  For an injection velocity that differs from the desired value in each of the following ways, sketch the resulting orbit on the figure.  (J is the center of Jupiter, the dashed circle is the desired orbit, and P is the injection point.)  Also, describe the resulting orbit qualitatively but specifically.


i.  When the satellite is at the desired altitude over the equator, its velocity vector has the correct direction, but the speed is slightly faster than the correct speed for a circular orbit of that radius.


ii. When the satellite is at the desired altitude over the equator, its velocity vector has the correct direction, but the speed is slightly slower than the correct speed for a circular orbit of that radius.
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